Abstract: Ag/polyamidoamine nanocomposites were produced by photoreduction of relevant metallic salts in polyamidoamine methanol solutions under room temperature and ambient pressure. The obtained products were characterized by FTIR, XRD, TEM, TGA and DSC techniques. The results showed that Ag nanoparticles were quite uniform in size with a diameter of about 15 nm, and the amount of Ag nanoparticles could well affect the thermal stability and the glass transition temperature of polyamidoamine. As the mass ratio of Ag nanoparticles to polyamidoamine increased, the glass transition temperatures were increased, while the weight loss ratios were decreased. TGA curves indicated that the loading of Ag nanoparticles mainly influences the high temperature thermal stability of polyamidoamine. Moreover, the multistage decomposition profile of DTG curves suggested that the Ag/polyamidoamine nanocomposites of higher silver loading might contain some intermediate Ag+/polyamidoamine type of composites.
Introduction
In recent years, the focus of many material researchers is being directed towards the applications for nano-or micro-scale sizes of noble metals, because their properties are size-dependent and can be simply tuned by changing the dimension [1] . It is difficult to obtain well-dispersed particles of pure metals in nanometer sizes, because nanoparticles can be agglomerated easily into large particles through the interaction between each other in a long time [2] , so it is important to investigate how to disperse nanoparticles well and prevent particles from agglomerating in practical applications. Lately people find that polymer-embedding represents a simple but effective way to use mesoscopic properties of nano-sized metals because their composites with polymers are very interesting for functional applications [3] ; of which silver polymer nanocomposites have a lot of novel properties, and have many potential applications in the areas of heterogeneous catalysts, antibacterial agent and health care products [4, 5] and so on. For example, water-soluble composites of silver nanoparticles with PVP (PVP-nano-Ag0) were found to possess bioactive properties [6] . There are many methods to synthesize silver polymer nanocomposites, such as chemical reduction [7] , photoreduction [8] [9] [10] . In these methods many templates are usually used [11] [12] [13] . According to the source, templates can be either artificial materials or natural materials [14] . Dendritic PAMAM has a dramatic structure, its lower generations present very open conformations, the higher generations exhibit more densely packed near spherical topologies with many cavities in nanometer sizes [15] . The cavities can act as templates for its hollow structure [16] [17] [18] [19] .
TG-DTG technique is an important method to study the thermal stabilities of materials. In this paper, amino-terminated dendrimer polyamidoamine (3G PAMAM) acted as monodispersed templates for preparing Ag nanoclusters, Ag nanoclusters were produced within dendrimer templates by ultraviolet light irradiation. The obtained Ag particles had a good dispersibility and an uniform size of 15 nm. The thermal behaviors of PAMAM/Ag nanocomposites were detected by DSC and TG-DTG techniques, DTG curves implied that the intermediate combined structures of Ag nanoparticles and PAMAM should exist in the composites.
Results and discussion
PAMAM was the third generation, synthesized by the reaction to ethylenediamine with acrylic acid ester in methanol. Ag/PAMAM nanocomposites were produced by photoreduction of silver nitrate in PAMAM methanol solutions under room temperature and ambient pressure. After 3 hour-long ultraviolet irradiation the mixed methanol solutions was tested by dilute hydrochloric acid, it was found that the limpidity filter liquor did not turn turbid, so silver nitrate in the solutions was completely photoreduced.
FTIR spectroscopy is an effective way to identify organic compounds or polymers with functional groups. Figure 1a shows the FTIR spectrum of AgNO 3 whose absorption band at 1370cm −1 is strong. Figure 1b shows the FTIR spectrum of full generation dendrimer 3G PAMAM. The spectrum 1b shows the characteristic absorption bands at 3282~3530cm −1 and 1548cm −1 corresponding to an amino group, the characteristic stretching vibration absorption band being at 3280cm associates with the existence of amino carbonyl group. The band at 3066cm −1 is the frequency-doubled peak of the deformation vibration band at 1548 cm −1 of primary amine. Figure 1c presents the FTIR spectrum of the Ag/PAMAM nanocomposites, Apparently, there is a new absorption band appearing at 1000 cm −1 , which belongs to the silver nanoparticles which demonstrate that a chemical bond was formed between PAMAM and silver nanoparticles in the Ag/PAMAM composite particles. It shows that the Ag nanoparticles are near-spherical, and quite uniform in size with a diameter of 15 nm. The size of Ag nanocomposites with different mass ratio of silver nanoparticles to PAMAM are approximatively identical since the same generation PAMAM have the same nanometer size` cavities, and produce the same size`s Ag nanoparticles. So PAMAM can be considered as a good template to prepare silver nanoparticles. Table 1 . Apparently, the glass transition temperature (T g ) of the Ag/PAMAM nanocomposites are higher than pure PAMAM whose T g onset is only -0. In order to explain the above observations, the samples were studied with thermo gravimetric analysis (TGA). Figure 5 shows the TGA curve of the Ag/PAMAM nanocomposites with the different mass ratio of Ag nanoparticles to PAMAM in argon atmosphere. The weight losing rates for all samples accelerate between 130 0 C and 450 0 C. All of the curves of PAMAM and Ag/PAMAM nanocomposites have two stages in the total weight losing curves; the point of intersection is about 280 0 C in each curve. The total weight losing rate of PAMAM is 91.04%, which is much higher than that of Ag/PAMAM nanocomposites. As the loading of Ag nanoparticles increases, the total weight losing ratio decreases from 11.98% to 49.95%, it proves that the Ag nanoparticles could efficiently improve the thermal stability of PAMAM. The conclusion is in accord with DSC analysis. According to the data in Table 2 , the loading of Ag nanoparticles mainly enhances the high temperature thermal stability of PAMAM, for the ratio of the weight losing ratio at the low temperature stage between 130 0 C and 280 0 C to the total weight losing ratio increases rapidly from 60% to 80% as the loading of Ag nanoparticles increases, while at the high temperature stage between 280 0 C and 450 0 C to the total weight losing ratio decreases from 40% to 20%. To obtain a more precise analysis on thermal stability, the samples were investigated by differential derivative thermal gravimetry (DTG). The weight losing rate (dm/dT) with temperature for all samples is compared in Figure 6 . The dm/dT curve for PAMAM is significantly deeper and sharper than that of Ag/PAMAM nanocomposites. The weight losing ratio at each temperature inflexion is given in Table 2 and Figure 5 . The weight losing rates for all samples accelerate at about 200 0 C until they reaches their inflexion, accompanied by a dramatic weight drop. The weight losing rate of PAMAM is higher than that of Ag/PAMAM nanocomposites, and the weight losing rate is decreased when the silver percent was increased, indicating that the silver nanoparticles may enhance the thermal stability of the polymer. The weight loss of the samples seems to stop further at the high temperature of 450 ~700 0 C. 
Conclusions
In this work, Ag-PAMAM nanocomposites of different mass ratio of Ag nanoparticles to PAMAM were synthesized. It is found that the amount of Ag nanoparticles could affect the thermal stabilities and the glass transition temperature of PAMAM. As the mass ratio of Ag nanoparticles increased, the glass transition temperature increased, and the weight loss ratio is decreased. Moreover, the multistage decomposition profile of DTG is observed. It can be concluded that the Ag/PAMAM nanocomposites of higher silver loading might contain some intermediate Ag+/PAMAM type of composite.
Experimental

Materials
Ethylenediamine (Tianjin Kermel chemical Reagent Co., Inc, Tianjin China), acrylic acid ester, methanol, silver nitrate (Tianjin Damao chemical Reagent Co., Inc, Tianjin China) were analytically pure; acrylic acid ester was purified by distillation.
PAMAM was the third generation, synthesized by the reaction to ethylenediamine with acrylic acid ester in methanol according to the literature [21] .
Apparatus
The FTIR spectra were recorded on KBr pallets using an Avatar 330 Fourier transform infrared spectrometer (Nicolet, America). The XRD spectra were recorded on a D8-Advance X-ray diffractometer (Bruker, Germany). The morphology and structure of the Ag/PAMAM nanocomposites were observed on a Hitachi Model H-800 transmission electron microscope under 80 kV accelerating voltage and direct magnification of 6×10 4 . Samples for TEM observation were pretreated by ultrasonic dispersion in the methanol solvent 30 minutes, and then prepared by dipping copper 400-mesh carrier grids covered with carbon-coated Formvar films in the dispersions. 
Synthesis of Ag/PAMAM nanocomposites
The synthesis procedure of Ag/PAMAM composites was as follows: different amount of silver nitrate ( gram mass: a 0 g; b 0.32 g; c 0.64 g; d 1.08 g; e 1.44 g; f:1.60 g) and PAMAM (10.0 g) were dissolved in methanol (100 ml) respectively, the PAMAM methanol solutions was put into four-necked flask which equipped with a mechanical stirrer and a nitrogen inlet, then the silver nitrate methanol solutions was slowly added into the flask for 2 h, The mixture was still stirred under a nitrogen atmosphere for 3 hours till it was pale yellow. Later the mixture was put under ultraviolet light lamp (180W) for 3 h, the color of mixtures became dark, and some dark suspension substance appeared. Then the mixtures were diverted into rotary vacuum evaporator, and been volatilized under the temperature of 40 
